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EXAMINATION of the SUPPOSED IGNEOUS ORIGIN 
of STONY SUBSTANCES. By RICHARD KIRWAN, 
Efq; F. R. S. and M. R I. A. 



JL HE origin of flony fubftances, feemingly an objedl of mere Read Feb. 
curiofity, is neverthelefs connecfled with defiderata of the greateft 3> ^793- 
utihty to mankind; to fay nothing of the arts of fabricating 
glafs, artificial gems, mortar, cement, bricks, pouzzolane and 
earthen-ware, which have evidently fome reference thereto, 
nature prefents us with various flones, as flates, mica, &c. with 
whofe artificial compofition, though highly important, we are 
at prefent unacquainted, and muft remain fo until the mode 
of their production is fatisfacflorily afcertained ; then, and then 
only, experiments tending to form them by art may be planned 
and attempted. Hence the propriety of examining the foun- 
dation of the different opinions of mineralogiils and geologifts on 
this head ; if we can exclude any of them, we are fo much the 
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nearer to the proper end of our enquiries. Fortunately in tliis 
cafe, relatively to the general mode, there neither are nor can be 
more than two opinions ; if one can be proved falfe, the other 
muft of neceffity be true. All are agreed that ftony fubftances 
were originally foft, and even liquid ; but fome think this 
fluidity was occafioned by their having been diflblved, or at 
leafl: diflfufed in water, and afterwards cryftallized, precipitated, 
or otherwife feparated from it. This is, at this day, the 
dodlrine moft generally adopted by mineralogifts ; volcanic 
ftones, by far the leafl numerous of the ftony tribe, forming 
but a trifling exception to this general fadl. 

Lately, however, a very diiFerent theory has been offered to 
the public in the firft volume of the Tranfadlions of Edinburgh, 
and ably fupported by Do6lor Hutton, a gentleman ad van- 
tageoufly known to the philofophic world through an impor- 
tant meterological difcovery, the General Law of the Formation 
of Rain. His opinion feemingly refembles, but in fa6l differs 
efTentially, from thofe entertained by Leibnitz, Telliamed, Moro 
and BufFon. They held ftones to have been originally folid, 
and afterwards liquified by heat ; but Do(5lor Hutton endea- 
vours to prove that previous to the prefent ftate of our globe 
they were utterly deprived of folidity, and have fince acquired 
it by fufion, and fubfequent congelation on cooling. This 
fyftem, the moft ingenious certainly that has as yet been 
devifed, is however but little known or at leaft noticed on 
the continent ; the few that have mentioned it do not feem to 
have well comprehended it ^ in thofe points of view in which 
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I have confidered it, I muft fay it appears to me improbable ; 
upon difcuffion, however, it is poflible my objedlions may be 
removed; thofe that have occurred to me I fhall novr briefly 
ftate to the Academy in the cleareft and fliorteft manner I 
am able. 

After fome profound reflecflions on the w^ifdom difplayed 
in the conftitution of the globe we inhabit, our author tells us, 
" It is necefTary to diflinguifh three dijEFerent bodies which 
" compofe the whole of it ; a folid body of earth, an aqueous 
" liody of fea^ and an elaflic fluid of air. There is a central 
*' body in the globe which is commonly fuppofed to be folid 
" and inert, but which he will afterwards prove not to be fo. 
*' There is alfo an irregular body of land raifed above the level 
" of the ocean, which is doubtlefs the fmalleft: portion of the 
" globe. There is alfo an atmofphere of air, neceflary for the 
" fufl:enance of fire, animal life, vegetation,'* &c. Pages 2H 
and 212. 

After mentioning the general powers that adluate the whole 
machine, he confines his views to that part which we inhabit. 
*• That we may confider the natural confequences of thofe opera- 
" tions, which, being within our view, we are better qualified 
^' to examine. In purfuit of this objed we employ our flcill 
*' in refearchy and not in forming vain conjeBures^ and, if data 
" are to ' be founds on which fciencc may reafon, we fliould 
" not long remain ignorant of the natural hiflory of the globe, 
"a fubjcd on which opinion only and not evidence has 
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*' hitherto decided ; for in this fubje(5l there is naturally lefs 
*^ defe(5l of evidence, although philofophers, led by prejixdice or 
" mifguided by falfe theory, have negle(?ted to employ that 
" light.'' This paragraph feems to me fomewhat obfcure : the 
cxiflence of thofe data on which f :ience is to reafon being only 
hypothetically laid dov^m in the firft part, but in the conclusion 
the exigence of fuch data feems pofitively aflirmA d, imce phiio- 
fophers are reproached with neglecting to employ the light 
refulting from them ; this is however but of little conf rquence* 
" But to proceed, in purfuing further our general preparatory 
*' ideas, a folid body of land could not anfwer the purpofe of 
*' an habitable world, for a foil is necefTary to the growth of 
" plants, and this confills of materials colle(5led from the 
" deRrudlion of folid land Therefore the furface of the land 
'' inhabited by man is made by nature to decay^ in diflblving 
" from that hard and compadl ftate in which it is found below 
*' the foil, and this foil is neceffarily wafhed away by the con- 
'* tinual circulation of the water running from the fummits of 
" the mountains towards the general receptacle of that fluid." 
Page 214. Here we muft arreft the courfe of our ingenioxis 
philofopher. He alTerts that the terreftrial part of the globe 
was originally a folid compad: mafs, from the diffolution of 
which the lefs compacl and loofer earths, as chalk, clay, mag- 
nefia and 'moulds have arifen. This preliminary propolition 
cannot be allowed; for the earthy and fiony part may be of 
equal antiquity, or the terreflrial part may have been originally 
formed in a highly comminuted ftate, and have afterwards 
partially coalelled into ftony maffes, and the remainder may 

have 
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have continued in its original ftate, or nearly fo, its particles 
having acquired only that degree of confiflence which we 
obferve in clays and earths. That the foil, however, receives 
an increafe from foncie fpecies of ftones that moulder by expo- 
fure to the air cannot be denied, but there is no proof that 
all foil has arifen from decompofition. He next tells us that 
this foil is necelTarily wafhed away by the continual circulation 
of water running from naountains to the fea. Here are two fup- 
pofitions, neither of which is grounded on facSls. Soil is not 
conftantly carried away by the water, even from mountains, as 
Mr. De Luc has clearly Ihewn in his nineteenth and twentieth 
letters to the Queen * j and if it were, it would be depofited 
on the plains, for there are plains as well as mountains on the 
dry parts of our globe. All water does not flow into the fea ; 
much of it is carried off by evaporation. Moft of the earth 
fwept off by rivers is depofited at their mouths j of that which 
is carried into the fea, much, if not all, is rejeded on the 
fhore. Neither has the fea that deflrudlive adlion on the ihores 
univerfally that BufFon and others have fuppofed. This is 
evident by infpedling the bafaltic pillars on the coafl of Antrim ; 
the angles of fuch of thefe as are and have been expofed to the 
waves, perhaps for fome thoufand years, are juft as Iharp as 
thofc of fuch pillars as arc placed far beyond their reach. 

Hence 



* Thefe letters and feveral other papers of this excellent phiiofophcr in Rozier*s 
Journal contain much ufeful information on geological fubjedts. But unhappily it 
muft be purchafed by a great expence of time. 
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Hence the conclulions of our author relative to the imper- 
fec5l conflitution of the globe fall to the ground ; and the pains 
he takes to learn " by what means a decayed world may be 
" renovated/' are fuperfluous. " But further (continues our 
" author) the folid parts of the globe are in general compofed 
" of fand, gravel, argillaceous and calcareous ftrata, or of 
'• various compofitions of thefe with other fubftances/' This 
certainly cannot be affumed as a fadl, but rather the contrary ; 
it holds trvie only of the furface, the bafis of the greater part 
of Scotland is evidently a granitic rock, to fay nothing of the 
Continents both of the Old and New World, according to the 
teftimony of all mineral ogifls. 

In the fucceeding paragraphs, pages 119 and 120, there is 
fome ambiguity, which it is proper to explain. In all regions 
of the globe immenfe mafles are found, which though at pre- 
fent in the moft folid ft ate, appear to have been formed by the 
colledlion of the calcareous exuviae of marine animals. " That 
" all maffes of marble or limefl:one are compofed of the calca- 
*' reous matter of marine bodies may be concluded from the 
** following fadls : — Firft, few beds or marble or limefl:one occur 
" in which may not be found fome of thofe objedls which 
" indicate the marine origin of the mafs. We fhall thus find 
*' the greater part of the calcareous maffes upon the globe to 
" have originated from marine calcareous bodies. That thefe beds 
*^ had their origin at the bottom of the fea, and that they have 
'' the calcareous fubftance which they contain, from the fame 
" fource as marble or limeftones," If by marine origin the 
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author means that moft or all calcareous mountains were formed 
in the fea, this will not be difputed ; but if his meaning be, 
that all calcareous matter confifls of marine exuviae, this cannot 
be allowed, as huge maffes of marble exift which difcover not 
the leaft trace of marine exuvia, and calcareous fubftance is 
found in many granites and the component parts of granite, 
which was never fufpe<5led to be of teftaceous origin. The exig- 
ence of fuch mafles is not difputed by our author. " There are 
** (fays he) in all regions of the earth, huge maffes of calcareous 
" matter, in a cryftalline or fparry flate, in which, perhaps, no 
*' veftige can be found of any organized body, nor any indication 
" that fuch calcareous matter had belonged to any animals, but 
" as in other maffes this fparry ftrudlure or cryftalline flate i$ 
** evidently affumed by the marine calcareous fubftances in oper- 
" ations which are neccffary to the confolidation df the ftrata, it 
** does not appear that the fparry maffes in which no figured body 
" is formed have been originally different from other maffes 
" which leave ample evidence of their marine origin." That is to 
fay, fince fparry maffes arc found among calcareous flrata of 
teftaceous origin, other fparry maffes may alfo have the fame 
origin. This reafbning does not appear to me at all conclufive, 
any more than if an inhabitant of the interior parts of a continent, 
unacquainted with any calcareous flones but thofe of a fparry 
flru6lure, fliould conclude that all this matter originally proceeded 
from the bones of land animals, becaufe they alfb are of a calcareous 
nature. It is much more probable that fea animals themfelves de- 
rive their calcareous matter from a pre-exifting fubftance of the fame 
nature contained in their food, as we have no proof of the adual 
Vol. V. H produdibil ty 
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produdibility of any fimple earth. Our author's conclufion, how- 
ever, is, " That all the ftrata of the earth, not only thofe confift- 
*^ ing of calcareous mafles, but others fuperincumbent on thefe, 
** have had their otigiu at the bottom of the fea, by the colledlion 
** of fand, gravel, fhells, coralline and cruftaceous bodies, and of 
*' earths and clays varioufly mixed, feparated and accumulated,^* 
page 221, Various geological obfervations contradiA this con- 
clufion. There are many ftratified mountains of argillaceous 
flate, gneifs, Terpentine, jafper, and even marble, in which either 
fand, gravel, fhells, coralline, or cruftaceous bodies are never or 
fcarce ever found *. 

The general amount of our author's reafoning however is, 
" That nine-tenths perhaps, or ninety nine hundredths of this 
" earth, fo far as we fee, have been formed by natural opera- 
*' tions of the globe, in colledling loofe materials and dcpoiiting 
" them at the bottom of the fea ; confolidating thofe collections 
** in various degrees, and either elevating thofe confolidated 
" malles above the level on which they are formed, or lowering 
** the level of the fea." How ill fupported by faifts this con- 
clufion is we have already fhewn j and our author himfelf 
will prefently difcover, for he adds, " There is a part of the 
" folid earth, which we may at prefent neglecft, not as being 
*' perfuaded that this part may not alfo be found to come under 
" the general rule of formation with the reft, but as confidering 
" it as of no confequence in forming a general theory which 

" Ihall 

* I Gerh. Gcfch. p. 72. 85. 2 Gerh. 413, 
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*' fliall comprehend almoft the whole/' This cxduded part 
confifls of mouutains and maffes of granite. And yet moft 
geologifts look on this excluded fubftance as forming by far the 
greater part of the globe, all other parts being commonly fomid 
to reft upon it *. 

Having thus found the greater part, if not the whole of the 
foiid ]and, to have been originally compofed at the bottom of the 
fea, our author proceeds to examine, how fuch continents as we 
now have could be ere(5led above its level ; he fhews that no 
motion of the fea could produce that efFe<5l ; or if it could, yet 
fuch a continent could not produce mafles of folid marble and 
other minerals in a ftate very diflPerent from that in which they 
were originally coUedled. " Confequently, befides an operation 
" by which the earth at the bottom of the fea fliould be con- 
" verted into elevated land, a confoUdating power is required, 
" by which the loofe materials fhould be formed into mafles of 
" the moft perfe<5l folidity ; and, if this were underftood, 
*' we might poffibly become acquainted with the power that 
" elevated our continents above the level of the waters.'' Of 
this confoUdating power he treats in the fecond part of his 
eflay. 

Beginning his fecond part, he reafons thus, p. 225. 
" There are juft two ways by which porous and fpongy bodies 
" may be confolidated into mafles of a natural fliape and 

H 2 " regular 
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^- regular ftniclure j the one congealation from a fluid ftate by 
'* means of cold j the other accretion^ and this includes a fepa- 
" ratory operation ; to produce folidity either way, fluidity mufl 
" be induced, either by heat or by a folvcnt.'^ This reafoning 
tacitly fuppofes a faft which we have already feen to be either 
falfe or precarious. The particles which now form the folid parts 
of the globe need not be fuppofed to have originally been either 
fpungy or porous, the interior parts at the depth of a few miles 
might have been originally, as at prefent, a folid mafs. The 
more fuperficial malFes might have been partly difFufed and 
partly diflblved in the primogenial fluid. The particles, for 
infl:ance, of which argillaceous flates were formed, might have 
been originally barely diffufed, as they feem to have been 
formed by mere fubfidence. " The fl:rata formed at the bottom 
" of the fea are to be confidered as having been confolidated 
*' either by aqueous folution and cryftallization, or by the 
*^ efi^edt of heat and fufion ; if by the firft of thefe two ways 
** the folid flrata have attained their prefent fl:atc, there will be 
** a certain uniformity obfervable in the effecfls ; and general 
" laws by which this operation mufl have been condudled/' 
Here fubfidence and precipitation, as part of the general means 
of the formation oF flones in the moifl way, fhould not have 
been omitted. 

As to the uniformity to be expe<5led in the effecfls of 
cryftallization, the learned au^thor is certainly too well acquainted 
with the fubjed not to know that this uniformity is not to 
be expeded but when all the circumflances are perfectly fimilar. 

He 
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He mnft know that fuperfaturation, a flight contamination 
with certain heterogeneous fubftances, a variation in the 
temperature, a variable degree of agitation, a difference in the 
quantity of the menftruum, or in the time of its difparition, 
befides many other unknown circumftances, daily produce 
different effe<5ls in the cryflallization of falts, the bodies in 
which this operation has been moft attended to. 

" But water (continues he) being the genera] medium in which 
" bodies collecfled at the bottom of the fea are always con- 
*' tained, if thofe maffes of colledled matter are to be confolidated 
*' by folution, it muft be by the dilTolution of thofe bodies 
*^ in that water as a menflruum, and by the concretion or 
** cryflallization of that dilTolved matter, that the fpaces firll 
" occupied by water in thofe maffes are afterwards to be filled 
" with a hard and folid fubflance ; but without fome other power 
" by which the water contained in thofe cavities and endlefs 
" labyrinths of the ftrata fhould be feparated in proportion 
♦' as it has performed its tafk, it is inconceivable how thofe 
*' maffes, however changed from the flate of their firfl fub- 
** fidence, fhould be abfolutely confolidated, without a particle 
^' of fluid water in their compofition.'' Abflra(5ling from his 
own gratuitous hypothefis, it is very eafy to fatisfy our author 
on this head ; the concreting and confolidating power in mofl 
cafes arifcs from the mutual attra(5lion of the component particles 
of flones to each other ; if thefe particles leave any interflices, 
thefe are filled with water which no way obflrudls their folidity 
when the points of contadl are numerous ; hence the decrepitation 

of 
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of many fpecies of {loues when heated. Many forts of flones 
are foft while in their flrata, as fandftones, limcllones, &c, 
but lofe their water and acquire hardnefs by expofure to the 
ain But perhaps the moft effeclual means of convincing our 
author that a confolidating power may take place in water, 
is to remind him that in many cafes it does aHually take place. 
Thus mortar made by pouzzolona or terras, is well known 
to harden under water ; nay Mr. Smeaton has obferved it to 
throw out under water a ftalailite, which a-.f) hardens in that 
iituation. Eddy ftone^ § i8i. The calcareous depofits formed 
in certain waters, and which attain a ftony hardnefs, are a 
further proof that immerfion in water does not always obftru6l 
the formation of folid malfes. " But (adds our author) we 
" find flrata confolidated by various fubftances which water 
*' cannot diffolve ; thus we have water confolidated by calcareous 
" fpar, a thing perfedlly diflinguifliable from the flaladlitical 
" concretion of calcareous earth, in confequence of aqueous 
*' folution ; wc have ftrata made folid by the formation of 
" fluor, a fubftance not foluble, as far as we know, by water ; 
*^ we have flrata confolidated by filiccous earth in a ftate wholly 
" different from that in which it was obferved, on certain 
" occafions, to have been depofited by water; we have ftrata 
" confolidated by fulphureous and bituminous fubftances which 
^' refufe a watery folution ; laftly, we have fome confolidated 
^' by almoft all the various metallic fubftances. If it is by 
" means of water that all thefe interftices have been filled 
" with thofe materials, water muft be, like fire, an univerfal 

" folvent, 
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*' folvent, and we inuft change our opinion of its chymical 
** charader." 

Here the difficulties to the fuppofition of an aqueous folution 
are placed in the f.rongefl light ; yet it muft be owned that 
they partly arife from the author's own gratuitous fvippofition, 
that ftrata exifted at the bottom of the fea previous to their 
confblidation ; a circumftance which will not le allowed ly 
the patrons of the aqueous origin of ftony fubilances, as we 
have already feen. 

SscoNDLY, That water, in certain circumf^ances, and with 
the addition of certain fubftances, may be admitted as 
a univerfal foJvent, fhould not be denied, merely on account 
of our ignorance of thofe circumflances and auxiliary fub« 
flances. Before the difcovery of the fparry acid, it was not 
known that water, by the aid of that acid, could diflblve 
filiccous bodies, a power which, by this help, it is now known 
to poffefs ; there may be various other menftrua in nature of 
which we are as yet ignorant ; it is well known that certain 
proportions of the fimple earths adl upon each other as menftrua 
in the dry way, why not alfo in the moift way, if equally 
divided? and what hinders us from fuppofing that they were 
originally created in that ftate of divifion that wxuld render 
them capable of adling on each other ? why Ihould we fuppofe 
this habitable earth to arife from the ruins of another anterior 
to it, contrary to reafon and the tenor of the mofaic hiftory ? 
What do we gain by that fuppofition? Muft not the origin 

of 
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of that anterior world, if compofed of materials fimilar to 
thofe of this, be equally accounted for ? and muft we fuppofe 
that anterior world deftitute of calcareous earth becaufe it 
was not formed at the bottom of the fea ? If it were deftitute 
of that earth, it could not contain plants or animals fimilar 
to ours, as ours efTentially require that earth : or muft we allow 
that anterior folid land to have been itfelf alfo formed of the 
ruins of another ftill prior to it, and thus admit a procefs 
in infinitum ; an abyfs from which human reafon recoils ? 
Into this gulph our author however boldly plunges ; towards 
the end of his Effay he tells us, this earth is derived partly from 
one immediately anterior, and partly from another anterior 
to that again. In a word, to make ufc of his own expreflion, 
" We find no veftige of a beginning.'' Then this fyftem 
of fuccefijve worlds muft have been eternal ; now fucceflion 
without a beginning is generally allowed to involve a con- 
tradi<5lion, therefore the fyftem that forces us to adopt that 
conclufion muft neceflfarily be falfe. Our author was led to 
it by his, and our common ignorance, of the means by which 
ftones of the filiceous clafs were confolidated or difTolved in 
liquid menftruums, but the rules of cxadl reafoning require 
that, before we deny the general poflibility of producing an 
efFe(5l by any given caufe, we fliould be acquainted with all 
the poffible methods of applying that caufe ; if any of them 
be unknown, our conclufion muft be defective ; more efjpecially 
if we have ftrong reafons to fufpecft that fome modes or 
circuraftances in the application, that caufe do exift with 

whofe 
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whofe detail we are \inacquainted. Now this happens to be 
the cafe with refpecfl to the folution of earths or ftones of the 
iiiiceous kind. Mr. Bergman had already obferved that filiceous 
earth, fufficiently divided, was foluble in all acids *. Mr* 
Klaproth, the worthy fvicceffor of the immortal Scheeic, 
found it foluble in mere water in the fame ftate of divifion f . 
The great geologvft, Mr. Dolomieu, feems to have difcovered, 
by the help of the chymical abilities of Mr. Pelletier, the 
very circumftances on which its folubiUty depends. Mr, 
Morveau has alfo difcovered another, and a very different method 
of eiFedling this folution |. Mr. Laffone found the furface 
of grit, which had been broken a year before, invefted with 
filiceous cruft nearly as hard as agate, which therefore mufl 
have been newly formed. Hence ftrata might be confolidated 
without fufion §. It were eafy, but needlefs, to accumulate 
more teftimonies of this fa6l, as other proofs of fuch produdlion 
will occur in the fequal Dolomieu obferved the growth of 
fhorls on the Pyrenees i|. 

Our author next proceeds to ftate, ^* That if it is by means 

" of heat and fufion that the loofe and porous ftru<5lure of the 

" ftrata fhall be fuppofed to have been confolidated, then 

" every difficulty which had occurred on the power and agency 

Vol. V. I " of 
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" of water is at once removed ; the loofe and difcontinuous body 
" of a ftratum may be clofed by means oi foftnefs and com- 
^* prejfton^ the porous ftrud:ure of the materials may be con- 
** folidated in a fimilar manner by the fufion of their fub- 
** ftance, and iortign matter may be introduced into the open 
" ftru<£lure of ftrata, in form oi Jieam or exhalation \ confequently 
" heat is an agent competent for the confolidatlon of ftrata, 
" which water alone is not. The examination of nature gives 
" countenance to this fuppofition ; confequently, however difficult 
" it may appear to have this application of heat, we cannot 
" from natural appearances fuppofe any other caufe." Pages 229, 
230, and 237. He adds " For the explanation of thofe natural 
" appearances which are fo general, no further conditions are 
" required, than the fuppofition of a fufficicnt intenfity of fire or 
^* heat, and a fufficient degree of compreffion upon thofe bodies, 
" which are to be fubje<fls to that violent heat, without 
" calcination or change. So far as this fuppofition is not gratuitous, 
" the appearances of nature will be thus explained.'' 

Here we have the whole theory of our author 5 in oppofition 
to which I make bold to fay, ift, That the fuppofition of a 
degree of heat under any given compreflion, fufficient for the 
fufion of ftony fubflances in genera], without calcination or 
change, is not only gratuitous, but contrary to all that we at pre- 
fent know of the agency of heat. Secondly, That all the appear- 
ances of nature depofe in favour of an aqueous folution or 
difFufion, and a cryftallization, concretion or fubfidence therefrom, 
and againfl an igneous ibiution or fufiun. 

And 
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And firft, it is gratuitous^ not only becaufe it is unneciTary, 
as we have already ftiewn, but alfo becaufe it is inconfifteat 
with our author's own theory. According to him thefe ftrata 
which were confolidated by heat were compofed of materials 
gradually worn from a preceding continent, cafually and 
fuccefTively depofited in the fea ; where then will he find, and 
how will he fuppofe, to have been formed thofe enormous 
mafTes of fulphur, coal, or bitumen neceflary to produce that 
immenfe heat neceflary for the fufion of thofe vaft mountains 
of fione now exifling ? All the coal, fulphur, and bitumen, 
now known, does not form the ---'--^ part of the materials 
depofited within one quarter of a mile under the furface of 
the earth; if therefore they were, as his hypothefis demands, 
carried off and mixed with the other materials, and not formed 
in vaft and feparate collecSlions, they could never occafion, by 
their combuftion, a heat capable of producing the fmallefl; 
effed, much lefs thofe gigantic effects which he requires. 
Again, it is contrary to all we know of the a&ion of heat ; by this 
we are informed that heat may be produced among >&^r^ bodies 
by attrition, and in inflammable bodies by combuftion. To 
produce heat by attrition it is neceflary that the bodies rubbed 
together be fo hard as that their particles fliould not eafily 
be abraded, and alfo that they be pcrfedly dry ; if, therefore, 
the ftrata formed in the bed of the ocean were loofe, porous, 
and fpongy, previous to the produ6lion of heat, and alfo inti- 
mately penetrated with water, as our author repeatedly aflerts, 
it is evident, from all we at prefent know, that no degree of 
attrition which they might endure could produce the fmalleft 
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degree of heat. Even if it could produce fome heat, nay an 
intenfe heat, yet a heat produdive of fluidity could never be 
the confequence of attrition, for the inftant the bodies fubjedcd 
to it would acquire the firft degree of emollefcence, the calorific 
power of attrition mufl neceflarily ceafe. 

But granting to our author (what we have fliewn to be 
inconfiftent with his theory) fuch immenfe maffes pf coal, 
fiilphur, and bitumen as muft be fuppofed collected together, 
to procure by their inflammation a heat of energy fufBcient to 
melt all the ilony fubftances now exifting, I proceed to fhew, 
that, confidently with the laws of nature hitherto known to us, 
either no inflammation at all could be produced, or at leafl: 
none capable of producing the eflPedls required by him. To 
produce inflammation the prcfence of vital air is neceffary ; 
to produce an immenfe inflammation of energy fuflicient to 
melt fl:oiiy fubfl:ances, not only an immenfe colledion of fuch 
air, but of air of the greateft: purity, is required. To produce 
an inflammation, capable, if poflible, of melting flony fub- 
ftances without efie(Sing either calcination or any other change 
in them, an immenfe compreffion mvift alfo be fuppofed. Now, 
granting to our author a collecflion of coal, Bitumen, &c. 
fuflicient to produce a flame capable of fuch mighty 
effects, where fliall we find air to fupport that flame ? neither 
coal nor bitumen produce vital air. But fuppofe this coal or 
bitumen mixed with fubfl:ances capable of giving out that air, 
fl:ill that air would be fo impxire, from the mixture of the 
fixed and mephitic airs arifing from the coal or bitumen, as to 
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be incapable of forming a heat even equal to that of our common 
furnaces, as Mr. Dolomieu has clearly Ihe^vn to be the cafe 
With refpeft to volcanic heat ; and again, allowing our author 
air of fufficient purity to effetfl his purpofes, what Ihall prevent 
the water, fuperincumbent on his loofe, fpongy ftrata, and 
preffing upon them with immeafurable weight, from pene- 
trating through thefe ftrata, and extinguiflung this flame, or 
at leaft from preffing down the incombufiible ftrata upon the 
inflamed coal, and, by intercepting all communication with 
the air, from immediately fupprefling the flame ? What fliall 
prevent the air itfelf, rarefied by heat, from efcaping through 
the loofe, and as yet, unconfolidated ftrata? But to favour 
the author flill further, let us fuppofe the fire to originate in 
caverns formed within the coaly matter itfelf, and let us fuppofe 
fuch vaults (contrary to all probability) capable of fupporting 
the weight not only of a fuperincumbent ocean, but of all the 
ftrata fubjedl to that ocean, which by heat are to be converted 
into ftone, the air^ thus confined in thefe caverns, either would 
admit of no combuftion at all, if incapable of expanding, or 
would foon be fo diminiflied by the abforbtion of its vital parts, 
as to admit the efcape of fixed air from the fiibftances acfled upon 
(which would then be calcined) or fo contaminated by mephitic 
and fixed airs as to be incapable of producing the violent and 
extreme eflfedls required by this hypothefis ; then where fliall we 
place the ftrata to be adled on? if over the coaly vaults, they 
will not be in conta(5l with the flame ; if under or on one fide, 
only their furface can be acSled on. Thu$, on whatever fide 
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we contemplate this hypothefis, it prefents nothing but incom- 
patibilides with our adlual knowledge of the operation of fire. 

Secondly, Our author's demand, that we admit a degree of 
heat a<5lingwith the greateft poffible intenfity, and yet producing 
no change in the fubftances adled upon, is not only gratuitous, 
as he himfelf feems to allow, but incompatible with all phy- 
fical inquiry, and a mere petito principiu No caufe can be traced 
but by its efFe(fls, that is, by the changes it has produced; if 
thefc are fuppofed null, all inquiry muft ceafe. To avoid 
this objecftion, and countenance this fuppofition, our author 
further demands a degree of compreffion under which the adlion 
of heat could produce no change ; but this being another new 
and independent fuppofition, fhpuld itfelf be proved to be pro- 
bable, or at leaft poflible, which our author neither has done, 
nor, as far as I can fee, can do ; and even, with the help of 
this double fuppofition, it cannot be proved that pure calcareous 
earths can at all be melted with or without emitting their fixed air, 
as this fufion has never yet been effedled either by concentrated 
folar heat, or by the help of pure air, or by any other contrivance 
of art; and if it could how could the fliells, with which it 
is in fvmdry inftances filled, efcape fufion, and remain unblended 
with the common mafs in which they were imbedded ? 

Our author will probably reply, that many difficulties alfo 
accompany the fuppofition of an aqueous folution, and this 
I freely confefs. In the adluai conititution of things, both 
phyfical and moral, many inexplicable difiiculties occur, but 

muft 
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muft we not diftinguifh thofe which efcape aur reafon, from thofe 
that formally contradict it ? The former may in time be connedled 
with our a<3:ual knowledge, the latter never. In our prefent 
view of nature all appearances point out a watery folution, 
or diflPufion and concretion in that fluid, though the means 
of effecfling this folution are but imperfedlly known ; but they 
contradidt the idea of an igneous folution, as we fhall at 
prefent prove. 

To reduce the perfpecElive of the mineral kingdom within the 
bounds of an academical differtation, we muft neceflarily confine 
it to the general clalTes under which minerals are commonly 
arranged, and a few fpecies of each. And firft, as to the cal- 
careous clafs. Stones of this clafs, when perfedlly pure, or nearly 
fo, as fpars and granular marbles, arc abfolutely infufible in 
any degree of heat yet known, as Lavoifier, Geyer, and Ehrman 
have fiicceflively fliewn *• On the other hand, the perfecfl 
cryft;aIlization of the former, and the internal conftitution of 
the latter, confeffedly prove that they were once in a Hate of 
perfedl folution, and fince they could not be fo in the igneous, 
they muft: have been fo to the aqueous fluid ; if we fuppufe 
their particles to have been originally in that ftate of divifion 
which adlual folution requires, which ftate may as well be 
fuppofed to have been their primordial llate as any other^ 
there will be no difficulty in fuppofing them dif olved or 

fufpended 
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fufpcnded in an aqueous fluid. As to the compadl limeflones and 
marbles, in which the tcftaceous exuviae of marine animals 
abound, it is evident that if thefe (tones were ever melted, thofe 
would, with tbrm, run into one common mafs, as we have 
already faid* Other ftones of this clafs are more impure, 
and mixed with argill and filex in fuch proportion as to be 
vitrihable in fuch heats as art can eafily prodvice, yet we never 
find them in that ftate ; a circumftance which clearly excludes 
all fufpicion of their ever having been expofed to them* 

In the muriatic clafs ^ we fee fteatites and pott-ftone, which 
in their adual ftate have a foft foapy feel, but harden when 
heated, vitrify in a ftronger heat, and acquire a texture and 
hardnefs quite different from thofe they before pofleffed. 
Steatites often contain i6 per cent, of air and water ; thefe cha- 
racflers depofe in favour of an aqueous origin ; but ferpentines, 
of which whole mountains often confift, demand this origin 
more loudly ; for they are infufible in all but the moft extreme 
degrees of heat, in which they vitrify and acquire the polifli, 
texture, and luftre of glafs. 

In the argillaceous clafs ^ w^e meet with argillaceous flates, 
hornblends, and trapps or bafalts ; all of which are in a mode- 
rate heat converted into flags, whofe appearances totally dijSer 
from that which thefe flones prefent in their natural ftate ; and 
hence they evidently difclaim an igneous origin. Mica has 
been clearly proved to originate in water by Mn Nauovarke, 
I Chy, An. 1786. 

In 
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In the filtceous clafs we have quartz or cryftal in various 
regular forms, which, if fufed at all, muft have been in the 
thinneft fufion, to be enabled to afTume thofe fhapes. Now 
the ftrongefl heat that art can produce is fcarcely capable of 
producing the flighteft emollefcence in pure quartz , how then 
can wc afTume that nature, in the moft unfavourable circum- 
flances, could produce a perfecfl fufion of that fubftance ? 
Volcanos afford the mofl intenfe natural heat with which we are 
acquainted ; yet the mofl flurdy volcanifls allow it to be infufible 
in thefe. In facSl it is frequently found in circumflances in 
which it is impoffible, confiftently with the knpwn laws of 
nature, to attribute its origin to igneous liquefacftion ; for 
inftance, it is frequently found cryflallized in company with 
calcareous fpar, fluors, lead ores, &c. on flones of a mixed 
nature, as Petrofilex, Hornblcnds, &x. Now it is well known 
that though pure quartz or Ipars will not melt alone, yet in 
company with flones of another kind they will readily melt 
and unite into one common mafs ; when, therefore, they are 
found in diflin<5l mafTes, clofe by each other, it is evident that 
they were not formed by fufion, but in fome other manner ; 
and there is no other than aqueous folution. Of this they bear 
the marks, for they decrepetate for the mofl part when heated, 
and become opake from the lc>fs of their watery particles ; 
though the quantity of thefe involved in their texture be 
exceeding minute. Have not fhells and chalk, and even water, 
been found inclofed in filex * ? The imprefTion of fhorls has 
Vol. V. K often 
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often been found on the quartz that inveloped it^. This 
laft muft therefore have been in a foft ftate, while the fhorl 
was in a hard flate ; now this could not happen if the quartz 
were foftened by heat, for fhorl, being infinely more fufible, 
muft have been in a foft ftate alfo, and concrete long after the 
quartz : nay, if we credit Mr. Gerhard and others, cryftal 
has been detecfled in a foft ftate. We have already quoted Mr, 
Laftbne as an eye witnefs of the aqueous formation of filiceous 
ftones. I ftiall only add, that petrofiliceous and other fufible ftones 
of this clafs have quite a different afpe(5l when they pafs through 
a ftate of fufion from that which they prefent in their natural 
ftate. I alfo pafs over the nnoffes and other vegetable and 
animal fubftances inclofed in agates, &c. as our avithor pre- 
tends to account for their prefervation in the midft of the 
moft raging heat by virtue of a compreflion, originating, one 
knows not how, which prevents their combuftion or charring. 

Let us now examine the principal proofs which our author 
adduces in fupport of his fyftem ; that from the infolubility 
of calcareous ftones we have already obviated, 

I ft, " There are fpecimens of fofTd wood which bear the 
" moft evident marks of having been injedled with a flinty 
" fubftance in fufion. This appears from the wood being pene* 
*' trated partially, fome parts not having been penetrated at all 

'^ In 
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'* In the limits of thofe two parts we have the moft convincing 
** proofs that it had been flint in a fimple fluid ftate, which had 
*' penetrated the wood, and not in a ftate of folution." Why ? 
** becaufe the flinty fubftance has proceeded to a certain length, 
** and no further; and there is no partial impregnation 
*' nor gradation of the flintifying operation, as muft have 
" been the cafe if filiceous matter had been depofited from 
" a folution *." I own I am at a lofs to perceive the force of 
this argument, and can fee nothing in it but mere affertion, 

2dly, " Sulphur i^ found naturally combined with almofl 
" all metallic fubftanees, which are then faid to be mineralized. 
" Now no perfon, flcilled in chymiftry, will pretend to fay 
" that may be done by aqueous folution. The combination 
" of iron and fulphur, for inftance, may eafily be performed 
" by fufion ; but, by aqueous folution, this combination is again 
" refolved, and forms a vitriol/' That metals may combine 
with fulphur in the moift way is a fa 61 which perhaps was 
but little known when our author wrote ; it is however at prefent 
fufiiciently efl:abli£hed. Water may be ftrongly impregnated 
with hepatic air ; the falphur is precipitated by almoft all metals 
from this water, and in the fubterraneous meanders where they 
meet, being protedled from accefs to atmofpheric air, there is 
little danger of the converfion of the fulphurated metals into 
vitriols. That fulphurated ores may be formed, without the 
help of heat, is incontrovertibly proved by their having been 
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found overlaying the tools of workmen in old galleries of 
mines. See the 3d Letter of Baron Trebra, in his Treatife 
on the Internal Strndlure of Mountains. 

3dly, " Several metals have been found native/' May not 
they have been fo originally ? 

4thly, " Manganefe has been found in a reguline ftate by 
" Mr. De La Peyrouze, and in fmall grains, as when produced 
*' by fire/' True ; but it was mixed with a large quantity of 
iron, which is often found in that form without any fulpicion 
of fufion. A fire capable of melting quartz might furely produce 
it in larger mafTes. 

5thly, ^' Spar, quartz, pyrites, and other minerals, are 
" found varioufly intermixed, cryftallized upon or near each 
*^ other, and adhering to coal, or mixed with bitumen, &c. 
" circumflanccs that cannot be explained in the hypothefis of 
" folution in the moift way." Not exacflly, nor with certainty ; 
which is not wonderful : but they are ftill lefs explicable in 
the hypothefis of dry folution, as muft be apparent from what 
has been already faid. How coal, an infufible fubflance, could 
be fpread into ftrata by mere heat, is to me incomprehenfible* 

6thly, " Dr. Black found mineral alkali cryftallized, yet 
" deftitute of water of cryftallization, which could not happen 
" unlefs it were cryftallized by fufion." What then will our 
author fay of the vaft maOTes of this fait which are found with 
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their full portion of water of cryilallizatlon ? The author 
refers us to the 71ft volume of the Philofophical Tranfacftions 
for an account of Dr. Black's paper. However, in thofe of 
the Royal Society of London (the only known by that title 
without addition) no fuch paper is to be found. If the alkali 
were fufed, the bodies in its neighbourhood w^ere fufed aifo ; 
without fome knowledge of their ftate nothing more can be; 
faid ; the cafe is not fairly before us. I make no doubt, however, 
but Dr. Black has examined all circumftances with that £kill 
and accuracy which he is known to poflefs. 

I DECLINE mentioning a few other difFufe objections to the 
aqueous theory, which appear to me to fhew nothing more than 
the difficulty of accurately explaining various circumflaaces of 
the mineral kingdom. The only point to be confidered is 
which of the two fyftems, the aqueous or the igneous, is, upon 
the whole, leaft exceptionable, and on this head enough has 
been already faid. I cannot however omit noticing, for the 
fake of the difcuffion it leads me to^ that the application of our 
author's fyflem to the formation of granite is peculiarly unhappy. 
This rock is formed of ftones of different degrees of fufibility, 
which, in a heat capable of melting quartz, Ihould naturally 
run into each other ; it moft frequently contains mica, which, 
when melted, affumes an appearance very different from the 
plated ftrudure it naturally prefents ; and, to crown all, can be 
formed in the moifl way, but cannot in the dry : Here I have 
the misfortune of differing with another zealous patron of the 
Igneous Theory, equally Ikilled in mineralogy and chymiftry, 
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the learned Dr. BeddoeSt In the Philofophical Tranfadions 
for lyQTj P^g^ 56, &C' he tells us, that ^' a mixture of different 
" earths, with more or lefs metallic matter, in returning from 
^' a flate of fufion to a folid confillence, may affume, fometimes, 
" the homogeneous bafaltic, and fometimes the heterogeneous 
^* granitic internal ftrucSture. No facft is more familiar than 
*' that it depends altogether on the management of the fire, 
" and the time of cooling, whether a mafs fliall have the uniform 
" vitreous fradlure, or an earthy broken grain arifing from 
" a confufed cryftallization. The art of making Reaumur's 
" porcelain confifts entirely in allowing the black glafs time to 
" cryftallize by a flow refrigeration, and the very fame mafs, ac- 
" cording as the heat is conducted, may without any alteration of 
" its chymical conflitution be fucceflively exhibited any number 
" of times, as glafs, or as flony matter with a broken grain* 
" In the flagg of iron furnaces the fame pieces generally ex- 
" hibits both thefe appearances.'* How far the fame mafs in 
fufion is capable of affuming fometimes, the bafaltic and 
fometimes the granitic, we fliall prefently fee. With refpecfl to 
Reaumur's porcelain, it is certain that the changes of texture, 
mentioned by the learned author, may be produced in it, not 
by a flower or more rapid cryftallization (for in fa(3: there is 
no cryftallization at all) but by the continuance of a higher 
or lower degree of heat. This is evident from the experiments 
of Dr. Lewis and Mr. DelavaL Now the effect of the higheft 
heat of our furnaces, in this cafe, is to rob the glafs of its faline 
part, as Dr. Lewis well obferved; and hence it is not wonderful 
that the texture fhould be altered, and the mafs at laft become 
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loofe and porous. It cannot, therefore, be faid that it retains 
the fame chymkal conftitution as before ; the cafe is quite 
different with refpedl to glaffes formed of earthy fubftances 
without any fait, as I know from my own experience, when 
once they are perfectly vitrified, a fecond fufion makes no 
alteration whatfoever in them, though ever fo flowly cooled. 
Thus, feltfpars, garnets, fhorls and bafaltSj being converted into 
glafs by the heat of a furnace, remain glafs even when ex- 
pofed to the higheft heat producible by art, namely, that arifing 
from the adlion of pure air; nor will any retardation of their 
cooling produce the fmalleft change. As to the flagg of iron 
furnaces, it is a compound in which the metallic particles, 
being by far the moft abundant, feparate themfel ves, during 
fufion, from the earthy. Thefe laft then vitrify, vitrification 
being the cfftS: of the heat to which they are then expofed, 
and not in confequence of their rapid refrigeration ; the metallic 
particles, on the contrary, ajQTume the grain that is peculiar to 
them, being incapable of vitrification; hence all analogy with 
bafalt fails. 

The Do(5Vor, however fenfible of the difficulty of fuppofing 
that a fubftance once uniformly fufed, as he imagines granite 
to have been, fhould prefent us 2, 3, 4, 5 and 6 feparate 
fubftances, as granites frequently do, further adds, *^ That 
" this difficvilty does not prefs the igneous more than the oppofite 
" hypothefis, fince the conftituent parts of granite are cryftals, 
** the whole mafs muft have once exifted in that ftate of entire 
** difunion of its particles which is nccelTary to cryftallization. 

Now 
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^' Now ^whether fuch a folution has been effecled by the repullive 
" force of fire, or the intervention of water, it is jnft as eafy 
*' to conceive, heterogeneous earthy cryftals, fliooting from 
" different points of an uniform Hquid, according to the former 
" fuppofition as the latter/' It is true, by abftradl confider- 
ations, we may conceive any thing; but to form juft conceptions 
of the . operations of nature we muft take experience^ or, where 
this fails us, analogy^ for our guides. Here. both lead us to 
conceptions difagreeing totally from the Dodlor's. Experience 
tells us that granites, once perfedlly fufed, coalefce in cooling 
into a greenijh white or other coloured glafs *, fo different from 
bafalt, that the experimenter, from this experiment alone, was 
tempted to conclude that bafalt muft have been produced in the 
moift way. Analogy fuggefts that as falts of different degrees 
of folubility^ in a liquid menftruum, being brought to cryft.allize^ 
cryftallize feparately, but if fufed in fire never can ; fo ftones 
of different degrees of folubility in a Hquid naenftruum, being 
brought to cryftallize, fhould cryftallize in feparate concretions. 
Even a priori cryftallization into feparate heterogeneous maffes is 
much more eafily conceived in an aqueous than in the igneous 
fluid. This laft occupies no perceptible fpace, and all the particles 
it holds in folution are on that account crouded together, and 
in full contacEl with each other ; in proportion as the igneous 
fluid decreafes they lofe that facility of motion that is necefTary 
for the union of the homogeneous parts and regularity of 
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* Per Hacquet i Crell. Beytr. '^^^ Sc Morveau in i BufF. Mineralogy p. 139^ 
in 8vo. 



[ 8i ] 

arrangement ; fo that fcarce any thing but a difFerence of fpecific 
gravity can, while they are in full fufion, produce a feparation. 
While cooling, fuch a feparation cannot poffibly take place, ac-« 
cording to our conceptions. On the other hand, if flony maffes 
be once conceived dilFolved in vsrater, this fluid, occupying a 
much greater ipace, will allow them full room to concrete in 
feparate maffes, according to the laws of their various affinities ; 
and this is fo true, that if evaporation be carried too far, 
they cannot be properly feparated by cryflallization. 

To clofe this controvcrfy, I fliall only add^ that granite^ 
recently formed in the moift way, has frequently been found ; 
but no inftance can be produced of its formation by fire. 
Thus a mole, having been conftruded in the Oder in the year 
1722, 350 feet long, 54 feet in height, 144 feet broad at 
bottom, and 54 feet at the top, its fides only were 
granite, without any other cement than mofs ; the middle fpacc 
was entirely filled with granite fand. In a fhort time this con- 
creted into a fubftance fo compadl as to be impenetrable 
by water *. Mr. Soulavie difcovered an enormous fiffure in 
a marble rock, filled with granite matter, which muft have been 
in a liquid flate when the marble was already folid ; elfe it 
would have mixed with it, and not have filled, as it was found 
to do, all the finuofities of the calcareous rock f • 

* Lafius Hartz. f i Sodavie France Mend. 385. 
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